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Section 1.  Introduction  

1.1.  Background  
Section 303(d) of the federal Clean Water Act requires all states to identify waters that 

do not meet, or are not expected to meet, applicable water quality standards. States 

must develop a total maximum daily load (TMDL) for each pollutant that contribute s to 

the impairment of a water body  included on a stateõs 303(d) list of impaired waters. 

The Texas Commission on Environmental Quality (TCEQ) is responsible for ensuring 

that TMDLs are developed for impaired surface waters in Texas.  

A TMDL is like a budge tñit determines the amount of a particular pollutant that a 

water body can receive and still meet applicable water quality standards. TMDLs are 

the best possible estimates of the assimilative capacity of the water body for a 

pollutant under consideration. A TMDL is commonly expressed as a load with units of  

mass per period of time but may be expressed in other ways.  

The TMDL Program is a major component of Texasõ overall process for managing the 

quality of its surface waters. The program addresses impaired  or threatened streams, 

reservoirs, lakes, bays, and estuaries (water bodies) in, or bordering on, the state of 

Texas. The programõs primary objective is to restore and maintain water quality uses ñ

such as drinking water supply, recreation, support of aquat ic life, or fishing ñof 

impaired or threatened water bodies.  

TCEQ first identified bacteria impairment within the tidal portion , assessment unit 

(AU) 1107 _01, of Chocolate  Bayou in the 2010 Texas Integrated Report of Surface Water 

Quality for the Clean Water Act Sections 305(b) and 303(d)  (Texas Integrated Report,  

TCEQ, 2011). The impairment for Chocolate Bayou Above Tidal , AU 1108 _01, was later 

determined in the 2014 Texas Integrated Report  (TCEQ, 2015) . The bacteria 

impairment s have been identified in  each subsequent edition through the EPA-

approved  2022 Texas Integrated Report (TCEQ, 2022a ).  

This document will consider two  bacteria impairment s in two  AUs of Chocolate Bayou . 

The impaired AUs and their identifying  number s are: 

¶ Chocolate Bayou Tidal ð AU 1107_01 , 

¶ Chocolate Bayou Above Tidal ð AU 1108_01  

1.2. Water Quality Standards  
To protect public health, aquatic life, and development of industries and economies 

throughout Texas, TCEQ established the Texas Surface W ater Quality Standards  (TCEQ, 

2018a) . The Standards describe the limits for indicators that are monitored to assess 

th e quality of available water for specific uses. TCEQ monitor s and assess es water 

bodies based on these Standards and publishes the Texas Integrated Report list 

biennially.  
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The Standards are rules  that  do all of the following :  

¶ Designate the uses, or purpos es, for which the stateõs water bodies should be 

suitable .  

¶ Establish numerical and narrative goals for water quality throughout the state . 

¶ Provide a basis on which TCEQ regulatory programs can establish reasonable 

methods to implement and attain the state õs goals for water quality.  

Standards  are established to protect uses assigned to water bodies . The primary uses 

assigned to water bodies are:  

¶ aquatic life use  

¶ contact recreation  

¶ domestic water supply  

¶ general use  

Fecal indicator bacteria (FIB) are used to assess  the risk of illness during contact 

recreation (e.g., swimming) from ingestion of water. FIB are bacteria that are present in 

the intestinal tracts of human s and other warm -blooded  animals. The presence of 

these bacteria  in water  indicates that associated pathogens from fecal waste may be 

reaching water bodies because of such sources as inadequately treated sewage, 

improperly managed animal waste from livestock, pets, aquatic birds, wildlife, and 

failing sept ic systems (TCEQ, 20 18b ). The FIB used for fresh and tidal water bodies  are 

Escherichia coli  (E. coli) and Enterococc i, respect ively . 

On February 7, 2018 , TCEQ adopted revisions to the Texas Surface Water Quality 

Standards  (TCEQ, 2018a) and on May 19, 2020 , the U nited States  Environmental 

Protection Agency (EPA) approved the categorical levels of recreational use and their 

associated criteria.  Recreational  use in  freshwater  consists  of  five  categories:  

 
¶ Primary contact recreation 1  ð Activities that are  presumed to involve a 

significant risk of ingestion of water (e.g., wading by children, swimming, water 

skiing, diving, tubing, surfing, handfishing, and the following whitewater 

activities: kayaking, canoeing, and rafting). It has a geometric mean criter ion for 

E. coli of 126 colony forming units (cfu) per 100  milliliters (mL) and an 

additional single sample criterion of 399  cfu  per 100  mL. 

¶ Primary contact recreation 2  ð Water recreation activities, such as wading by 

children, swimming, water skiing, divi ng, tubing, surfing, handfishing, and 

whitewater kayaking, canoeing, and rafting, that involve a significant risk of 

ingestion of water but that occur less frequently than for primary contact 

recreation 1 due to physical characteristics of the water body o r limited public 

access. The geometric mean criterion for E. coli is 206  cfu  per 100  mL.  
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¶ Secondary contact recreation 1  ð Activities that commonly occur but have 

limited body contact incidental to shoreline activity (e.g., fishing, canoeing, 

kayaking, raf ting, and motor boating). These activities are presumed to pose a 

less significant risk of water ingestion than primary contact recreation 1 or 2 

but more than secondary contact recreation 2. The geometric mean criterion for 

E. coli is 630  cfu  per 100  mL. 

¶ Secondary contact recreation 2  ð Activities with limited body contact incidental 

to shoreline activity (e.g., fishing, canoeing, kayaking, rafting, and motor 

boating) that are presumed to pose a less significant risk of water ingestion 

than secondary conta ct recreation 1. These activities occur less frequently than 

secondary contact recreation 1 due to physical characteristics of the water body 

or limited public access. The geometric mean criterion for E. coli is 1,030  cfu  per 

100  mL. 

¶ Noncontact recreation  ð Activities that do not involve a significant risk of water 

ingestion, such as those with limited body contact incidental to shoreline 

activity, including birding, hiking, and biking. Noncontact recreation use may 

also be assigned where primary and second ary contact recreation activities 

should not occur because of unsafe conditions, such as ship and barge traffic. 

The geometric mean criterion for E. coli is 2,060  cfu  per 100  mL.  

For saltwater,  recreational  use consists  of  three  categories:  
 
¶ Primary contact recreation 1  ð Activities that are presumed to involve a 

significant risk of ingestion of water (e.g., wading by children, swimming, water 

skiing, diving, tubing, surfing, handfishing, and the following whitewater 

activities: kayaking, cano eing, and rafting). It has a geometric mean criterion for 

Enterococci  of 35 cfu  per 100  mL and an additional single sample criterion of 

130  cfu  per 100  mL. 

¶ Secondary contact recreation 1  ð Activities that commonly occur but have 

limited body contact incide ntal to shoreline activity ( e.g., fishing, canoeing, 

kayaking, rafting, and motor boating). These activities are presumed to pose a 

less significant risk of water ingestion than primary contact recreation 1 or 2 

but more than secondary contact recreation 2 . The geometric mean criterion for 

Enterococci  is 175  cfu  per 100  mL. 

¶ Noncontact recreation  ð Activities that do not involve a significant risk of water 

ingestion, such as those with limited body contact incidental to shoreline 

activity, including birdin g, hiking, and biking. Noncontact recreation use may 

also be assigned where primary and secondary contact recreation activities 

should not occur because of unsafe conditions, such as ship and barge traffic. 

The geometric mean criterion for Enterococci  is 350 cfu  per 100  mL.  
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Chocolate Bayou is a water body  designated for primary contact recreation 1 use. The 

associated standard s for FIB are an E. coli geometric mean of 126  cfu  per 100  mL for 

AU 1108_01, the  freshwater portion, and an Enterococci  geometric mean of 35 cfu  per 

100  mL in 1107_01, the tidal portion .  

1.3 . Report Purpose and Organization  
The Chocolate  Bayou TMDL project was initiated through a contract between TCEQ and 

the Houston -Galveston Area Council (H -GAC). The tasks of this proje ct were to (1) 

develop, have approved, and adhere to a quality assurance project plan; (2) develop a 

technical support document for the impaired watershed; and (3) assist TCEQ with 

public participation. The purpose of this report is to provide technical do cumentation 

and supporting information for developing the bacteria TMDL s for the impaired AUs. 

This report contains:  

¶ Information on historical data . 

¶ Watershed properties and characteristics . 

¶ Summary of historical bacteria data that confirm the State of Texas 303(d) 

listings of impairment due to concentrations of indicator bacteria ( E. coli  and 

Enterococci ). 

¶ Development of load duration curve s (LDCs). 

¶ Application of the LDC approach for developi ng the pollutant load allocation.  
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Section 2. Historical Data Review and Watershed 

Properties  

2.1 . Description of Study Area  
The Chocolate Bayou watershed lies in southeast Texas within the Houston -The 

Woodlands -Sugarland Metropolitan Statistical Area. Choc olate Bayou originates in 

central Brazoria County, with a major tributary beginning in southeast Fort Bend 

County and  travels southeastward in eastern Brazoria County before emptying into 

Chocolate Bay, an embayment of West Galveston Bay. West Galveston Ba y is part of 

Galveston Bay separated from the Gulf of Mexico by a barrier island, Galveston Island. 

West Galveston Bay is connected to the Gulf of Mexico by Bolivar Roads to the east, 

between the City of Galveston and the unincorporated community of Port B olivar on 

Bolivar Peninsula, and San Luis Pass to the west, a pass between Galveston Island and 

Folletõs Island. 

The Chocolate Bayou watershed is 173.2  square mile s and  comprises two segments, 

Tidal (1107) and Above Tidal (1108) (Figure 1). Each segment is  comprised of a single 

AU. The tidal AU (1107 _01) begins approximately 1.5  miles  northeast of the City of 

Liverpool at a saltwater barrier in Brazoria County and traverses 16  miles  

southeastward to the mouth of Chocolate Bay. The tidal AU has a watershed area of 

35.5  square miles and tributaries include Corner, Cottonwood, Perry, Pleasant, and Salt 

Bayous. The unincorporated communities of Amsterdam, Chocolate Bayou, Chocolate 

Bayou Springs, and Peterson Landing can also be found in the AU watershed (Damon , 

201 0).  

The above tidal AU (1108 _01) begins approximately 1.4  miles  west of the City of 

Manvel in Brazoria County. The headwaters of the West Fork of Chocolate Bayou, a 

large tributary to Chocolate Bayou, begins near the City of Arcola in extreme southeast 

Fort Bend County before joining Cho colate Bayou in Brazoria County approximately 

2.5 miles  south of FM 1128, south of Manvel (Snowden, 1989). Hayes Creek is also a 

tributary to Chocolate Bayou. AU 1108 _01 is 22  miles  in length prior to terminating at 

the tidal segment boundary. Most of AU 1108õs 137.7 square mile  watershed is 

contained in Brazoria County and  includes parts of the cities of Arcola (Fort Bend 

County), Manvel, Alvin, and the Village of Iowa Colony.
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Figure 1.  Map of the Chocolate  Bayou  w atershed
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The  2022 Texas Integrated Report (TCEQ, 2022a) has the following water body and AU 

descriptions:  

¶ Segment 1107 Chocolate Bayou Tidal ð from the confluence with Chocolate Bay 

1.4 k ilo meter  (0.9 miles ) downstream of F arm to Market Road  2004 i n Brazoria 

County to the saltwater barrier (immediately downstream of the Chocolate 

Bayou Rice Canal) 5.2 k ilo meter  (3.2 miles ) downstream of S tate Highway  35 in 

Brazoria County; and  

o AU 1107_01 ð from the confluence with Chocolate Bay 1.4 kilometer 

(0.9 miles ) downstream of Farm to Market Road 2004 in Brazoria County 

to the saltwater barrier (immediately downstream of the Chocolate Bayou 

Rice Canal) 5.2 kilometer (3.2  miles ) downstream of State Highway 35 in 

Brazoria County . 

¶ Segment 1108 Chocolate Bayou Abo ve Tidal ð from the saltwater barrier 

(immediately downstream of the Chocolate Bayou Rice Canal) 5.2 k ilo meter  

(3.2 miles ) downstream of S tate Highway  35 in Brazoria County to S tate Highway  

6 in Brazoria County.  

o AU 1108_01 ð from the saltwater barrier (immediately downstream of the 

Chocolate Bayou Rice Canal) 5.2 kilometer (3.2  miles ) downstream of 

State Highway 35 in Brazoria County to State Highway 6 in Brazoria 

County . 

2.2. Review of Routine Monitoring Data for TMDL Watersh ed 

2.2.1 . Analysis of Bacteria Data  
Chocolate  Bayou Tidal (AU 1107_01 ) was first identified as impaired in the 2010 Texas 
Integrated Report for recreation use due to high levels of bacteria. Chocolate Bayou 
Above Tidal (AU 1108_01)  was first identified as impaired in the 2014 Texas Integrated 
Report  for recreation use due to high levels of bacteria . 

A summary of impairments and concerns identified in the 202 2 Texas Integrated 
Report , the most recent TCEQ ð and EPAðapproved edition at the time of this report,  
are shown in  Table 1 . This document  will investigate the potential sources of fecal 
waste contributing to elevated bacteria levels in C hocolate  Bayou to support the 
development of strategies to reduce the impairment enough to support recreation use.    
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Table  1.  2022 Texas Integrated Report summary  

Segment 
Number  

AU  Parameter  Station  
No. of 

Samples  
Data Date 

Range  

Station 
Geometric 

Mean 
(cfu/100  mL ) 

Status  

1107  1107_01  Enterococci  
21178/  
11478  

66 
12/01/201 3ð
11/30/20 20 

64.58  NS 

1108  1108_01  E. coli 11484  23 
12/01/201 3ð
11/30/20 20 

212.23  NS 

 

The ambient E. coli and Enterococci data included in the remainder of this report were 

obtained from TCEQõs Surface Water Quality Monitoring Information System (SWQMIS) 

between 2004 and 2018. The 2022 Texas Integrated Report was approved after the 

calculations in this report were completed. The d ata represented the routine FIB and 

other water quality data collected for the project area by TCEQ and TCEQõs Clean 

Rivers Program .  

The data are collected at three TCEQ surface water quality monitoring (SWQM) stations  

(Figure 2) , one in AU 1108 _01 (TCEQ SWQM Station 11484), and two in AU 1107 _01 

(TCEQ SWQM stations 21178 and 11478).  TCEQ SWQM Station 11484 is located 

southwest of the City of Alvin on FM 1462 at Chocolate Bayou. TCEQ SWQM Station 

21178 is near the town of Liverpool on CR 171. TCEQ SWQM Station 11478 is at FM 

2004 at the lower boundary of AU 1107 _01 near Chocolate Bay. The U nited  States 

Geological Survey (USGS) also maintains a flow gauge in AU 1108 _01, USGS station 

08078000, located at the same location as TCEQ SWQM Station 11484.  
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Figure 2.  Active SWQM and USGS m onitoring stations  
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2.3. Climate and Hydrology  
Average precipitation recorded between 2000  and 20 21 is just over  50 inches per year  

(Table 2, NOAA, 202 2). The high est average monthly precipitation  comes in  September , 

while  the lowest average monthly precipit ation  happens in February (Figure  3). Average 

monthly precipitation ranges from just above  two inches to slightly over  eight  inches. 

Average monthly air temperature ranges from slightly below  50 ºF in the winter to 

slightly above 90 ºF in the summer months (NOAA, 20 22).  

Table 2.  Average annual rainfall recorded  at  a gauge near the Chocolate Bayou watersh ed 

STATION  STATION  NAME  LATITUDE  LONGITUDE  

Average Annual 

Rainfall (inches)  

GHCND: 

USC00413340  

FREEPORT 2 NW TX US 28.9845  -95.3809  50.09  

 

 

Figure 3.  Average monthly precipitation and temperature  

 

Topographical relief is minimal in the Chocolate Bayou watershed, consistent with the 

flat Texas Gulf Coast Plain. Elevation ranges from just over 50 feet above sea level in 

Fort Bend County near the City of Arcola to sea level at the shores of Chocolate B ay. 

The bayou and its tributaries are generally sluggish due to the gentle 0.04% sloping 

relief (Snowden, 1989) found on the coastal plain.  

 

Riparian vegetation is still common along portions of the bayou. Instream channel 

modifications, the construction of supplemental drainage canals like ditch C -1 near 

Manvel, and Gulf Coast Water Authority (GCWA) irrigation and supply canals have 
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altered natural hydrology in the study area (Snowden, 1989). Primary mineral 

resources within the region include oil and gas  fields, sand, and gravel ( Damon , 201 0). 

2.4. Population and Population Projections  
H-GAC, through its Regional Growth Forecast  (H-GAC, 2018 a), routinely assesses the 

regionõs population and develops population projections. H-GAC uses the United States 

Census  decadal survey  or  in the intervening years, the United States  Census American 

Survey , to estimate populations of census block groups. The United States Census 

decadal survey was available for 2020 and was used to  estimate the initial population. 

Regional Growth Forecast methodology (H -GAC, 2017) was used to estimate regional 

population and household growth out to the year 204 5 as described i n Appendix A (H -

GAC, 2018a). 

The Chocolate Bayou Above Tidal ( AU 1108 _01) watershed contained a population of 

31,642  in 20 20 (Table 3, USCB, 202 1). That amounts to over 14 times the population of 

the tidal watershed  (AU 1107_01) , which had a population of 2,125  in 20 20. The 

population within  the two AU watersheds is projected to diverge more in the future. 

Growth in population for the AU 1108 _01 watershed is estimated to reach 205,151  in 

204 5, a 548 % increase. The population in AU 1107 _01 is anticipated to decline by 42% 

or to 1,228  by 204 5 (H-GAC, 2018a).  

Table 3.  Population changes  in the C hocolate  Bayou w atershed  

AU  2020  2045   Change  

1107 _01 2,125  1,228  -42.21% 

1108 _01 31,642  205,151  548.35% 

 

Most of the population growth in Chocolate Bayou Above Tidal is anticipated to take 

place along Hwy 6 and Hwy 288 in the cities of Alvin, Manvel, and Arcola, and in the 

village of Iowa Colony and unincorporated portions of Brazoria and Fort Bend 

counties.  

2.5. Land Cover  
As with many urban centers nationwide, areas surrounding the City of Houston have 

experienced an increase in development associated with urban sprawl, especially along 

transportation corridors. Due to its proximity to Houston and State Hig hway 288  

corridor, the C hocolate  Bayou watershed has shown evidence of this trend and is 

expected to continue to expand development.  

In 2018, H -GAC used LANDSAT imagery to categorize the Houston -Galveston region 

into 10 classes of land cover  (H-GAC, 201 8b). The definitions for the 10 land cover 

types are:  

¶ High Intensity Development  ð Contains significant land area that is covered by 

concrete, asphalt, and other constructed materials. Vegetation, if present, 

occupies < 20 % of the landscape. Co nstructed materials account for 80 % to 100  
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of the total cover. This class includes heavily built -up urban centers and large 

constructed surfaces in suburb an and rural areas with a variety of land uses.  

¶ Medium Intensity Development  ð Contains area with mixt ure of constructed 

materials and vegetation or other cover. Constructed materials account for 50  to 

79% of the total area. This class commonly includes mu lti - and single -family 

housing areas, especially in suburban neighborhoods, but may include all types 

of land use.  

¶ Low Intensity Development  ð Contains areas with a mixture of constructed 

materials and substantial amounts of vegetation or other cover. Constructed 

materials account for 21  to 49 % of total area. This subclass commonly includes 

single -family h ousing areas, especially in rural neighborhoods, but may include 

all types of land use.  

¶ Open Space Development  ð Contains areas with a mixture of some constructed 

materials, but mostly managed grasses or low -lying vegetation planted in 

developed areas for recreation, erosion control, or aesthetic purposes. These 

areas are maintained by human activity such as fertilization and irrigation, are 

distinguished by enhanced biomass productivity, and can be recognized 

through vegetative indices based on spectral ch aracteristics. Constructed 

surfaces account for less than 20 % of total land cover.  

¶ Cultivated Crops  ð Contains areas intensely managed to produce annual crops. 

Crop vegetation accounts for greater than 20 % of total vegetation. This class 

also includes all land being actively tilled.  

¶ Pasture/Grasslands  ð This is a composite class that contains both Pasture/Hay 

lands and Grassland/Herbaceous.  

a. Pasture/Hay  ð Contains areas of grasses, legumes, or grass -legume 

mixtures planted for livestock grazing or the produc tion of seed or hay 

crops, typically on a perennial cycle and not tilled. Pasture/hay vegetation 

accounts for greater than 20 % of total vegetation.  

b. Grassland/Herbaceous  ð Contains areas dominated by graminoid or 

herbaceous vegetation, generally greater than 80 % of total vegetation. 

These areas are not subject to intensive management such as tilling but 

can be utilized for grazing.  

¶ Barren Lands  ð This class contains both barren lands and unconsolidated shore 

land areas.  

a. Barren Land  ð Contains areas of bedrock, desert pavement, scarps, talus, 

slides, volcanic material, glacial debris, sand dunes, strip mines, gravel 
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pits, and other accumulations of earth material. Generally , vegetation 

accounts for less than 10 % of total cover.  

b. Unconsolidated Shore  ð Includes material such as silt, sand, or gravel that 

is subject to inundation and redistribution due to the action of water. 

Substrates lack vegetation except for pioneering pla nts that become 

established during brief periods when growing conditions are favorable.  

¶ Forest/Shrubs  ð This is a composite class that contains all three forest land 

types and shrub lands.  

a. Deciduous Forest  ð Contains areas dominated by trees generally grea ter 

than five meters tall and greater than 20 % of total vegetation cover. More 

than 75 % of th e tree species shed foliage simultaneously in response to 

seasonal change.  

b. Evergreen Forest  ð Contains areas dominated by trees generally greater 

than five meters tall and greater than 20 % of total vegetation cover. More 

than 75 % of the tree species mainta in their leaves all year. Canopy is never 

without green foliage.  

c. Mixed Forest  ð Contains areas dominated by trees generally greater than 

five meters tall, and grea ter than 20 % of total vegetation cover. Neither 

deciduous nor evergreen species are greater than 75 % of total tree cover. 

Both coniferous and broad -leaved evergreens are included in this category.  

d. Scrub/Shrub  ð Contains areas dominated by shrubs less than five meters 

tall with shrub canopy typically greater than 20 % of total vegetation. This 

class includes tree shrubs, young trees in an early successional stage, or 

trees stunted from environmental conditions.  

¶ Open Water  ð This is a composite class that contains open water and both 

palustrine and estuarine aquatic beds.  

a. Open Water  ð Include areas of open water, generally with less than 25 % 

cover of vegetation or soil.  

b. Palustrine Aquatic Bed  ð Includes tidal and non -tidal wetlands and deep -

water habitats in which salinity due to ocean -derived salts is below 0.5 %and 

which are dominated by plants that grow and form a continuous cover 

principally on or at the surface of the water. These include algal mats, 

detached floating ma ts, and rooted vascular plant assemblages. Total 

vegetation cover is greater than 80 %. 

c. Estuarine Aquatic Bed  ð Includes tidal wetlands and deep -water habitats in 

which salinity due to ocean -derived salts is equal to or greater than 0.5 % 

and which are domin ated by plants that grow and form a continuous cover 
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principally on or at the surface of the water. These include algal mats,  kelp 

beds, and rooted vascular plant assemblages. Total vegetation cover is 

greater than 80 %. 

¶ Wetlands  ð This is a composite class  that contains all the palustrine and 

estuarine wetland land types.  

a. Palustrine Forested Wetland  ð Includes tidal and non -tidal wetlands 

dominated by woody vegetation greater than or equal to five meters in 

height, and all such wetlands that occur in tidal areas in which salinity due 

to ocean derived salts is below 0.5 %. Total vegetation coverage is greater 

than 20 %. 

b. Palustrine Scrub/Shrub Wetland  ð Includes tidal and non -tidal wetlands 

dominated by woody vegetation less than five meters in height, and all 

such wetlands that occur in tidal areas in which salinity due to ocean -

derived salts is below 0.5 %. Total vegetation coverage is greater than 20 %. 

Species present could be true shrubs,  young trees and shrubs, or trees that 

are small or stunted due to enviro nmental conditions.  

c. Palustrine Emergent Wetland (Persistent)  ð Includes tidal and non -tidal 

wetlands dominated by persistent emergent vascular plants, emergent 

mosses,  or lichens, and all such wetlands that occur in tidal areas in which 

salinity due to ocean -derived salts is below 0.5 %. Total vegetation cover is 

greater than 80 %. Plants generally remain standing until the next growing 

season. 

d. Estuarine Forested Wetland  ð Includes tidal wetlands dominated by woody 

vegetation greater than or equal to five meters in height, and all such 

wetlands that occur in tidal areas in which salinity due to ocean -derived 

salts is equal to or greater than 0.5 %. Total vegetation coverage  is greater 

than 20 %. 

e. Estuarine Scrub / Shrub Wetland  ð Includes tidal wetlands dominated by 

woody vegetation less than five meters in height, and all such wetlands 

that occur in tidal areas in which salinity due to ocean -derived salts is equal 

to or great er than 0.5 %. Total vegetation coverage is greater than 20 %. 

f.  Estuarine Emergent Wetland  ð Includes all tidal wetlands dominated by 

erect, rooted, herbaceous hydrophytes (excluding mosses and lichens). 

Wetlands that occur in tidal areas in which salinity du e to ocean -derived 

salts is equal to or greater than 0.5 % and that are present for most of the 

growing season in most years. Total vegetation cover is greater than 80 %. 

Perennial plants usually dominate these wetlands.  
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Chocolate Bayou watershed land cover analysis is presented in Table 4 and Figure 4. 

The Chocolate Bayou watershed covers 110,829.65 acres. Cultivated Crops and 

Pasture/Grasslands cover types are the largest two in the AU 1107 _01 watershed, at 

16.55% and 47.97%, respectively. Pasture/Grassland s is the largest type (42.36%) in the 

AU 1108 _01 watershed, followed by Wetlands (15.23% ). Agriculture is the most 

abundant land use in the Chocolate Bayou watershed at 58.09 %, reflected when 

combining Cultivated Crops (14.58%) and Pasture/Grasslands (43.5 1%). 

Low Intensity Development is the largest developed land cover type in  the watersheds 

of both  AUs, at 7.24% for 1107 _01 and 13.02%  for 1108 _01. High Intensity 

Development makes up a larger percentage, 3.19% , of AU 1107 _01õs watershed, when 

compared to 1.48%  in AU 1108 _01õs watershed. This is due to the heavy industry near 

FM 2004 near the terminus of AU 1107 _01 at Chocolate Bay. The larger percentage of 

Medium Intensity (6.82% ) and Low Intensity development (13.02%) in AU 1108 _01õs 

watershed  compared to AU 1107 _01õs watershed, is reflective of the larger population 

in AU 1108 _01 and consistent with mostly residential uses.   
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Table 4.  Land cover classification percentages  

Land Cover Type  

1107_01 

(Acres)  

1107_01 

(%Acres)  

1108_01 

(Acres)  

1108_01 

(%Acres)  

Total 

(Acres)  

Total 

(%Acres)  

Open Water  460.02  2.02  370.94  0.42  830.96  0.75  

High Intensity 

Development  725.09  3.19  1,300.23  1.48  2,025.32  1.83  

Medium Intensity 

Development  660.58  2.91  6,011.76  6.82  6,672.34  6.02  

Low Intensity 

Development  1,645.28  7.24  11,466.73  13.02  13,112.01  11.83  

Open Space 

Development  120.62  0.53  1,019.81  1.16  1,140.43  1.03  

Barren Land s 218.91  0.96  538.65  0.61  757.56  0.68  

Forest/Shrubs  1,329.39  5.85  4,261.69  4.84  5,591.08  5.04  

Pasture/Grasslands  10,905.08  47.97  37,314.70  42.36  48,219.77  43.51  

Cultivated Crops  3,763.07  16.55  12,392.38  14.07  16,155.45  14.58  

Wetlands  2,903.06  12.77  13,421.68  15.23  16,324.74  14.73  

Total  22,731.08  100  88,098.57  100  110,829.65  100  
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Figure 4.  Land cover map of land use classifications   










































































































